sity-lipoprotein cholesterol and lean body mass was increased in all groups (p = 0.001). Conclusion: The NEP achieved a medium-term reduction in the prevalence of overweight and obesity and had a significant and positive effect on MS components in all groups.
Introduction
The prevalence of obesity among children is rising in developed countries [1] . In many countries such as Spain, there is an elevated and increasing prevalence of childhood obesity and overweight. The EnKid study, which was conducted in Spain between 1998 and 2000, found that 26% of children and young people were overweight or obese, with a higher prevalence of obesity in males than in females [2] . Childhood obesity is known to be an independent risk factor for adult obesity [3] . Furthermore, a high body mass index (BMI) in childhood, especially from the age of 13 years, is associated with a higher risk of coronary disease in adulthood [4] and has also been associated with all-cause and cardiovascular mortality in adults [5] .
The increase in the prevalence of overweight and obesity has been accompanied by a rising prevalence of the metabolic syndrome (MS) among school-age children over the past 2 decades [6, 7] . The short-term risk of MSrelated comorbidities and the longer-term risk of cardiovascular morbidity-mortality make this a matter of concern [8, 9] .
There is strong evidence that childhood obesity is related to the energetic content of their diet and their sedentary lifestyle. Hence, there is a need for interventions designed to change these habits and reduce the risk of obesity. The school is the preferred setting for this type of program due to the intensive and continuous contact with the children and since it is able to provide the necessary infrastructure to exert an influence on childhood health [10, 11] .
The main objective of this study was to assess the repercussion of a nutritional education program (NEP) on anthropometric variables, eating habits and MS components in adolescents.
Subjects and Methods
The study included individuals aged between 12 and 16 years (the age range of secondary education in Spain) recruited at educational centers in the city of Granada and outskirts. Granada is a city in southern Spain with 250,000 inhabitants and 90 secondary schools (69 public and 21 private). In the first phase of the study, we determined the prevalence of overweight and obesity and the dietary habits in adolescents from Granada. Based on a total population of 51,349 students, an estimated proportion of 14%, precision of 1.5 and confidence interval of 95%, we estimated a sample size of 2,372 adolescents. The school was the primary sampling unit and the class the final unit. Eleven public schools and 5 private schools were randomly selected, inviting a total of 2,568 students to participate. We obtained informed consent from the parents for 2,246 of them (1,102 males and 1,144 females).
For the study of the effects of the intervention (second phase), the sample size estimation was based on the prevalence study data; for an ␣ risk of 0.05 and a ␤ risk of 0.20, a sample size of 261 adolescents was estimated, assuming initial and final prevalence rates of overweight of 24 and 15%, respectively, and losses to the study were ! 10%. Two schools (1 public and 1 private) were randomly selected from among the participating schools, and 5 classes were randomly selected from each school. Out of the 298 students selected for NEP, written informed consent was obtained for 256: 127 males and 129 females, mean age ( 8 SD): 13.9 ( 8 1.4) years. The research project was approved by the ethics committee of our hospital and was presented to the local education department, the directors and school council of each center, and the teachers and parents of the school students. A program of classes was conducted throughout the 2009-2010 school year, directed at the students, their family members (usually parents and occasionally grandparents) and their teachers. The classes focused on dietary and lifestyle recommendations, with a well-balanced diet which contains: 5 portions/day of fruits and vegetables, 4 portions/day of dairy products and 4-6 portions/day of starchy food, e.g. bread, potatoes, pasta and rice. The weekly consumption did not exceed 2 daily portions of eggs, lean meat, fish, pulses, nuts and dried fruit, and only occasional eating of fatty meats, cold meats, cakes and sweets. The consumption of 1,500 ml of nonfizzy, non-sugary drinks was recommended. The energy content of a healthy diet is in accordance with age and sex [12] .
Other contents were: epidemiology of obesity and analysis of the nutritional factors that produce this disease during childhood and adolescence; misleading publicity and activity/inactivity (hours of daily screen time with TV, computer and internet). Fortnightly classes lasting 45 min were given by endocrinologists and nutrition specialists to the students in each class (25/30 students/ class), 1 or 2 family members per student and their teachers. Students, family members and teachers were together in these classes, but specific teaching material was developed for each group.
In this study, a questionnaire to measure physical activity, based on the long, self-report version of IPAQ (International Physical Activity Questionnaire) [13] , was developed. This provides respondents with individualized feedback on their behavior in such a way that an appropriate individual response is facilitated and consolidated.
For the purpose of monitoring adherence to the prescribed diet, we used the 24-hour recall format as a standard method [14] every month in the intervention group. In the context of dietary lifestyle, we enforced a food culture based on 'foods to eat' rather than 'foods to avoid'.
The students received a daily breakfast at the school (MondayFriday) composed of a dairy product (milk or yoghurt), fruits, cereals, nuts and a sandwich with protein content (tuna or drycured or boiled ham); the total caloric value ranged from 275 to 350 kcal. Breakfast taking was monitored daily by project researchers and teachers at the schools.
At the beginning and end of the school year, the weight and height of participants were measured, and their BMI was calculated (kg/m 2 ) They were classified as normal weight, overweight or obese according to the BMI cutoff values proposed by Cole et al. [15] . Waist circumference (WC) was measured with a flexible steel tape at the narrowest point between the lower costal border and the iliac crest [16] . At the same time, impedance measurements were performed using a model TBF-300 Tanita body composition analyzer [17] in a standardized way for the study of body composition. The impedance measurements have to be taken after 2 h of fasting and after at least 8-12 h of strenuous exercise or other factors that could affect hydration [18] .
Morning blood samples were drawn by standard venipuncture technique after overnight fasting. Samples were kept on ice and sent to the project laboratory for analysis. Plasma glucose was measured by the glucose oxidase method. Triglycerides were measured enzymatically (Menarini Diagnostic, Florence, Italy) with an RA-1000 AutoAnalyzer (coefficient of variation of 3.42%). High-density-lipoprotein cholesterol (HDL-c) was also assessed with the RA-1000 AutoAnalyzer after precipitation of apolipoprotein-B-containing lipoproteins with phosphotungstic acid and Mg (Roche Diagnostics, Barcelona, Spain). After a 5-min rest, blood pressure (BP) readings were taken at 2-min intervals, using an Omron M5-1 automatic sphygmomanometer [19] with three cuffs of different arm circumference sizes (17-22, 22-32 and 32-42 cm). The mean of three BP readings was used in the analyses.
The students completed a food frequency questionnaire [20] on the daily, weekly, monthly and annual frequency of consumption of 80 items divided among 10 food groups. Energy and macronutrient consumption was calculated from responses using Spanish food composition tables [21] .
Following recently published International Diabetes Federation criteria for the 10-to 16-year age group [22] , MS was defined by WC 1 90th percentile plus the presence of two or more associated factors: triglycerides 1 1.7 mmol/l (150 mg/dl), HDL-c ! 1.03 mmol/l (40 mg/dl), systolic BP 1 130 mm Hg or diastolic BP 1 85 mm Hg, glucose 1 5.6 mmol/l (100 mg/dl) or known type 2 diabetes mellitus. Participants showing some alteration in biochemical data were immediately referred to the Department of Endocrinology for clinical history, physical examination and repeat biochemical study. If glucose levels exceeded 100 mg/dl in the second determination, a standard oral glucose tolerance test was performed [23] . Based on its results, participants were classified into one of three groups: (i) normal glucose tolerance, fasting plasma glucose (FPG) ! 100 mg/dl and 2-hour glucose ! 140 mg/dl; (ii) impaired fasting glucose, FPG of 100-126 mg/dl and 2-hour glucose ! 140 mg/dl, or (iii) impaired glucose tolerance, FPG ! 100 mg/dl and 2-hour glucose of 140-199 mg/dl [24] . Figure 1 depicts the protocol followed in the whole series and in the intervention group. The follow-up and adherence to the program were supported by allowing parents of the intervention group to make phone contact with nutrition specialists on any day of the week throughout the school year.
Out of the 263 students in the intervention group with written consent, 7 were lost to the follow-up: 6 because of the impossibility of obtaining a blood sample and 1 because of a history of fish allergy.
Statistical Analysis
Categorical data were expressed as frequencies and numerical data as means ( 8 SD). First and second measurements were compared using Student's t test for paired samples in the case of numerical and McNemar's test in the case of binary data. Intergroup comparisons were done with Student's t test or, if variances were unequal, with Welch's approximation. Associations between variables were assessed using Pearson´s correlation coefficient. p ! 0.05 was considered significant. STATA 9.2 was used for the analyses. Table 1 shows the prevalence of overweight and obesity in the global sample (representative of adolescents in Granada) and in the intervention group at the beginning of the school year.
Results
At the end of the school year, the percentage of male and female adolescents with overweight or obesity in the intervention group was significantly lower. The prevalence of overweight fell from 31.5% before to 21.3% after the intervention in the males (p ! 0.001) and from 21.7 to 14% in the females, respectively (p ! 0.001). The prevalence of obesity fell from 7.9% before to 5.5% after the intervention in the males (p ! 0.001) and from 4.7 to 3.9% in the females, respectively (p ! 0.001). Table 2 shows the impedance-measured body composition data before and after the intervention. A significant increase in lean mass (before vs. after) was observed in both males (48.24 vs. 47.67 kg; p ! 0.001) and females (40.01 vs. 39.25 kg; p ! 0.001), although being within the normal range for the age group. Table 3 details anthropometric variables, blood lipid and glucose concentrations, and BP values before and after the intervention. We found significant differences in BMI (p ! 0.001), total cholesterol and HDL-c (p ! 0.001) before versus after the intervention in both sexes, in WC (p ! 0.001) only in females, and in triglycerides (p ! 0.004) and glucose (p ! 0.001) only in males. Glucose values 1 100 mg/dl were found in 10.2% of adolescents before the intervention and in only 1.4% after the intervention (p ! 0.001). Among those with baseline glycemia 1 100 mg/dl, 5.2% were diagnosed with increased FPG and 3.8% with impaired glucose tolerance. No student was diagnosed with diabetes. After the intervention, the percentage of students with triglycerides 1 150 mg/dl was significantly lower than before the intervention (0.8 vs. Table 4 shows dairy macronutrient and energy consumption values before and after the intervention by sex. Before the intervention, both sexes showed a lower consumption of carbohydrates and higher consumption of proteins and fats than recommended dietary reference intakes (DRI s ) [25] . After the intervention, both sexes had a significant reduction in the total calorie and fat intake (p ! 0.001), although it remained above nutritional recommendations; both sexes showed a reduction in saturated fatty acids and cholesterol (p ! 0.001). After the intervention, results showed a higher consumption of carbohydrates in both sexes, but the difference only reached significance in the males (41.7 vs. 44.5%; p ! 0.001) and consumption remained below nutritional recommendations. Protein consumption was lower in both sexes, but the differences did not reach significance.
Based on BMI, the intervention group was divided into normal weight, overweight and obese. Table 5 compares the anthropometric, biochemical and impedanciometric variables obtained before versus after the intervention. After the intervention, BMI and WC significantly decreased in the normal weight and overweight groups (p = 0.001), but only BMI (p = 0.02) decreased in the obese group. Fasting glycemia was significantly lower (p = 0.001) in the obese group after the intervention. Total cholesterol levels were lower in all three groups: normal weight (p = 0.001), overweight (p = 0.01) and obese (p = 0.13). After educational intervention, there were significant increases in the levels of HDL-c and lean body mass (p = 0.001) in all three groups.
Discussion
This study reports that a school-based program of nutritional intervention had a positive impact on the food habits, anthropometric and body composition variables, and MS-related biochemical parameters of a population of adolescents in a southern Spanish city.
The alarming finding that 22.8% of these adolescents (12-16 years old) were overweight and 6.7% were obese confirms previous reports of an increasing prevalence of overweight and obesity in Spanish children over the past few decades [26] . In two recent studies, EnKid and AVENA, the prevalence of adolescent obesity in Spain was reported to be among the highest in Europe [2, 27] . In fact, the prevalence of overweight in the present series is virtually the same as in Cyprus, which has the highest reported prevalence (23%) in Europe [28] .
A study of an 11-to 14-year-old population in a city in the Basque Country (northern Spain) classified 7.2% as obese and found a higher prevalence of overweight and obesity among males than females [29] . A study of a younger Spanish population (6-8 years) reported a higher prevalence of overweight (18 vs. 15 .7%) and obesity (10.5 vs. 9.4%) among females than males [30] .
Our medium-term nutritional intervention program produced a major reduction in the prevalence of overweight and obesity in both sexes. There was a fall in overweight prevalence over the school year of 32.4% among the males and 35.5% among the females, and a decrease in obesity prevalence of 30.4% in the males versus 17% in the females.
There is no clear published evidence of the efficacy of dietary interventions to prevent childhood or adolescent obesity. However, there has been a marked increase in reports on this type of program, with a growing number of studies in the secondary school setting [31, 32] .
A meta-analysis [33] examined school-based studies using exercise alone, diet alone or diet plus exercise and found them to be heterogeneous in study design, study population and type of intervention. Significant differences between intervention and control groups were only observed in a study that used diet alone (one of three with this approach), which was a very short-term program [34] . In this investigation, the intervention consisted of the daily administration of breakfast (during the school week) along with information on the importance of a healthy diet, while the control group only received the dietary information. The BMI significantly increased in both sexes in the control group but not in the intervention group. Strengths of our study include the large sample size and the length of the study, which allowed significant changes to be detected in the prevalence of overweight and obesity and in dietary habits. Despite the randomized selection of our global and intervention samples, the prevalence rates of overweight and obesity were higher among the intervention group than among the overall series in both sexes, although their confidence intervals overlapped.
Once the group had been divided into normal weight, overweight and obese, we were able to show that all three groups benefitted from both the weight reduction and the metabolic variables after the application of NEP to the lifestyle changes. The obese group was the least responsive, indicating that it would be necessary to use a more specific intervention program that would unite changes in lifestyle with changes in behavior over a long period of time.
We believe that the educational program aimed at the parents has also been shown to be beneficial, given that the changes in lifestyle should take place inside the family unit and that the teaching of good food habits is a task that parents should undertake seriously, which requires time and concomitant attempts to make it both fun and educational in order to gain the trust and support of their children [35] .
Interventions have been found to have different and inconsistent effects on girls and boys. Although the reasons for these differences remain unclear, males and females in this age group may respond distinctly to different elements of interventions [33] . Thus, in the present study, the response to the intervention program was superior in the obese males than in the obese females.
Our medium-term intervention program achieved progress towards our objective of changing dietary habits, with both males and females showing highly significant decreases in the daily calorie and fat intake, although they remained below nutritional recommendations. There were some other minor qualitative changes in the diet, with a significant increase in carbohydrate consumption to 44% of dairy caloric intake, although this also remained below DRI s recommendations.
Despite producing only a modest change in dietary habits, the NEP achieved striking reductions in BMI and WC levels. The administration of breakfast had apparently a major effect on our intervention. A history of no breakfast is frequently reported in studies of obese children and is considered to predispose children to the consumption of foods with high energetic content midmorning or at lunch [36, 37] . In our program, the breakfast contributed to an increased intake of fruits. In fact, for some children, it was the first time that their diet included fruit. The change in energy and macronutrient consumption after the intervention is explained by the increased intake of vegetables, legumes and fruits, and the reduced intake of sweets, pastries, cold meats and sugary drinks (soft drinks and bottled juices).
The intervention did not include an exercise program or monitor the children's exercise activities, but the children were repeatedly encouraged in the fortnightly classes to increase their physical exercise and reduce sedentary activities. It should be borne in mind that Spain is among the five most sedentary countries of the European Union [38] . In fact, our results suggest that the adolescents may have increased their physical exercise as a result of the lifestyle recommendations received. The weight loss results were striking given the moderate diet changes achieved, and the weight loss was produced in adipose mass, since both male and female students showed a highly significant increase in lean mass and HDL-c.
Studies of physical exercise programs for adolescents mainly described short-term programs with a small number of participants. Kondo et al. [39] studied a 7-month aerobic exercise program in young obese females aged 18-23 years and reported a decrease in BMI, leptin, TNF-␣ and C-reactive protein, with an increase in HDL-c and adiponectin levels (by up to 42%). Aerobic physical exercise improved sensitivity to insulin even without weight loss in a group of obese girls [40] . Blüher et al. [41] demonstrated that physical training increases circulating levels of adiponectin and the expression of its receptors in skeletal muscle, improving insulin sensitivity and MS components.
The NEP drastically reduced the prevalence of MS in the intervention group from 32 to 19%. Interestingly, although there were students with 5% prevalence of impaired fasting glucose or 4% prevalence of impaired glucose tolerance at baseline, none of the study population presented with type 2 diabetes, which may be attributable to the low age of the study population. Recent studies in southern Spain [42] found a 9-35% prevalence of MS regardless of the definition used.
Garcés et al. [30] studied the lipid profile of younger obese children in Spain and reported elevated triglycerides and cholesterol/HDL-c ratios, and reduced HDL-c and insulin resistance but no changes in glucose levels, which may be related to the chronology of sexual maturation. We did not assess the pubescent stage of our study participants, but a proportion of the children might have been in the prepubertal stage, especially boys. Insulin resistance significantly increases at the beginning of puberty and returns to prepubescent levels at the end of pubescent development [43, 44] . However, the effects of sex and pubescent stage on the development of insulin sensitivity are not as well differentiated in moderately or severely obese adolescents. It could be argued that a more severe metabolic phenotype would appear at older ages and higher Tanner stages [24] .
In conclusion, we believe that our NEP has resulted in beneficial effects, i.e. decreases in overweight, obesity and MS components, in adolescents of both sexes. According to these results, the school can play an important role in health promotion and should offer dietary and nutritional education to pupils from a young age.
